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PROBLEM TO BE SOLVED: To extract a desired signal 
in a very simple constitution and with high reliability by 
equipping a subtractor for obtaining a difference and a 
coefficient arithmetic means for determining a constant 
of an adaptive filter so that the average of square values 
of differences is small, and outputting the difference as 
extraction result of a desired component. 
SOLUTION: A subtractor 1 1 subtracts an estimated 
value M(n) from a pulse wave signal x(n). That is, a 
residual signal e(n) becomes equal to p(n)+m(n)-M (n). A 
coefficient arithmetic part 10 sequentially calculates 
such a constant that the square average of residual 
signal e(n) is minimum on the basis of the past sample, 
and a calculated constant is set in an adaptive filter 9. A 
frequency analyzing part 12 conducts high speed Fourier 
transform processing for a series of residual signals e(n) 
to obtain the frequency component. A pulse wave 
extract part 13 extracts a component having the 
maximum level among the frequency components as a 

pulse wave component, and a pulse rate arithmetic part 14 computes a pulse rate per one 
minute according to the frequency value related to the pulse wave component, and a display 
part 1 5 displays a computed pulse rate. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The adaptation filter which is the signal extractor which extracts said request 
component p based on the signal x containing the request component p and the unnecessary 
component m, and the signal q correlated with said unnecessary component m t and calculates 
the forecast M of said unnecessary component m based on said signal q, the difference of said 
Signal x and said forecast M — the subtracter which asks for e, and said difference — a 
multiplier operation means to determine the constant of said adaptation filter that the average of 
the square value of e will serve as smallness — providing — said difference — the signal 
extractor characterized by outputting e as an extract result of said request component p. 
[Claim 2] Said signal x is a living body's pulse wave signal, and said request component p is a 
pulsation component contained in this pulse wave signal. The pulse wave sensor which said 
unnecessary component m is a body motion component contained in said pulse wave signal, and 
said signal q is said living body's body motion signal, and measures said living body's pulse wave 
and outputs said pulse wave signal, The signal extractor according to claim 1 characterized by 
providing the body motion sensor which measures said living body's body motion and outputs 
said body motion signal. 

[Claim 3] It is the signal extract approach of extracting said request component p based on the 
signal x containing the request component p and the unnecessary component m, and the signal q 
correlated with said unnecessary component m. The process in which the forecast M of said 
unnecessary component m is calculated based on said signal q with an adaptation filter, the 
difference of said Signal x and said forecast M — the process in which it asks for e, and said 
difference — the process in which the constant of said adaptation filter is determined that the 
average of the square value of e will serve as smallness, and said difference — the signal extract 
approach characterized by having the process which outputs e as an extract result of said 
request component p. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is used for pulse wave measurement, and relates to a 

suitable signal extractor and the signal extract approach. 

[0002] 

[Description of the Prior Art] In recent years, to detect a pulse wave, electrocardio, and various 
kinds of test subjects' other living body conditions is desired for the health care at the time of 
movement. However, the noise which originates in a body motion at the time of movement is 
overlapped on the detection result of a living body condition. For example, in addition to an 
original pulsation component, a body motion component is overlapped on a pulse wave signal, and 
a myo electric signal is overlapped on the measurement result of electrocardio. 
[0003] For example, in JP.7-227383.A, FFT processing is performed to a pulse wave signal, an 
acceleration sensor etc. detects a body motion signal, and the technique of removing the 
frequency component corresponding to a body motion signal from a pulse wave signal is 
indicated. Moreover, in JP,5-184548,A, the technique of removing a body motion component 
based on the correlation of two or more pulse wave signals, and asking for a pulse rate is 
indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] It must ask for relation with the body motion 
component on a body motion signal and a pulse wave signal in the technique indicated by JP,7- 
227383A However, since these relation differed according to the class of movement, it needed 
to ask for correspondence relation beforehand for every class of movement. And since individual 
difference had this relation, every test subject had to be asked for correspondence relation, and 
it was very complicated. 

[0005] Moreover, in the technique indicated by JP,5-1 84548,A, since the body motion signal was 
not used for the extract of a pulsation component, it was difficult to obtain an exact pulse rate. 
This invention is made in view of the situation mentioned above, and it aims at offering the signal 
extractor and the signal extract approach of extracting a desired signal with a very easy 
configuration and high reliability. 
[0006] 

[Means for Solving the Problem] If it is in a configuration according to claim 1 in order to solve 
the above-mentioned technical problem The adaptation filter which is the signal extractor which 
extracts said request component p based on the signal x containing the request component p 
and the unnecessary component m, and the signal q correlated with said unnecessary 
component m, and calculates the forecast M of said unnecessary component m based on said 
signal q, the difference of said Signal x and said forecast M — the subtractor which asks for e, 
and said difference — a multiplier operation means to determine the constant of said adaptation 
filter that the average of the square value of e will serve as smallness — providing — said 
difference — it is characterized by outputting e as an extract result of said request component 
p. Furthermore, if it is in a configuration according to claim 2, it sets to a signal extractor 
according to claim 1. Said signal x is a living body's pulse wave signal, and said request 
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component p is a pulsation component contained in this pulse wave signal. Said unnecessary 
component m is a body motion component contained in said pulse wave signal, and said signal q 
is said living body's body motion signal, and it is characterized by providing the pulse wave 
sensor which measures said living body's pulse wave and outputs said pulse wave signal, and the 
body motion sensor which measures said living body's body motion and outputs said body motion 
signal. Moreover, the signal x which contains the request component p and the unnecessary 
component m if it is in a configuration according to claim 3, The process in which are the signal 
extract approach of extracting said request component p based on the signal q correlated with 
said unnecessary component m, and the forecast M of said unnecessary component m is 
calculated based on said signal q with an adaptation filter, the difference of said Signal x and said 
forecast M — the process in which it asks for e, and said difference — the process in which the 
constant of said adaptation filter is determined that the average of the square value of e will 
serve as smallness, and said difference — it is characterized by having the process which 
outputs e as an extract result of said request component p. 
[0007] 

[Embodiment of the Invention] 1. Explain the whole operation gestalt configuration and actuation, 
next the configuration of the pulsometer of 1 operation gestalt of this invention with reference 
to drawing 1 . In drawing, 1 is a pulse wave sensor and detects a test subject's pulse wave signal. 
After this pulse wave signal is supplied and sampled by A-D converter 3 through an amplifier 2, it 
is memorized by the buffer 4. In addition, the sampling frequency in this operation gestalt is 
"8Hz." 

[0008] Here, the pulse wave signal in the n-th sample is expressed as shown in "x (n)." This 
pulse wave signal x (n) becomes original pulsation component p (n) and the sum with body 
motion component m (n) based on a body motion. 5 is a body motion sensor, is constituted by 
the acceleration sensor etc. and measures a test subject's body motion signal. After this body 
motion signal is supplied and sampled by A-D converter 7 through an amplifier 6, it is memorized 
by the buffer 8. In addition, the body motion signal in the n-th sample is expressed like "q (n)." 
[0009] Next, 9 is the adaptation filter constituted with the FIR "17th filter", and computes 
forecast [ of body motion component m (n) ] M (n) based on a bottom type. In addition, in a 
bottom type, N is the degree (= 17) of an FIR filter, and hk is a constant. 
[Equation 1] 
N-l 

M(n) = 2 h k - q(n-k) 
k=0 

[0010] Here, the detail configuration of the adaptation filter 9 is shown in drawing 1 7 . In drawing, 
401 -40n are delay circuits, and delays with a sampling period of one body motion signal q (n) at a 
time. 410-41n are multipliers and carries out the multiplication of a constant hO, hi, .., hN-1 
respectively to body motion signal q (n) and its delay signals q (n-1) and q (n-2), and ....q (n-k). 
420 is an adder and asks for total of these multiplication result. By this, weighting will be given to 
body motion signal q (n) and its delay signals q (n-1) and q (n-2), and ....q (n-k), and forecast M 
(n) will be called for. 

[001 1] To drawing 1 , return and 1 1 are subtracters and subtract forecast M (n) from the pulse 
wave signal x (n). That is, remainder signal e (n) becomes equal to "p(n)+m(n)-M (n)." Next, 10 is 
the multiplier operation part which adopted the successive-minima square method. That is, the 

constant hk (however, k= 1, 2, N) from which the root mean square of remainder signal e (n) 

becomes min based on the past "128" samples in the multiplier operation part 10 is computed 
serially, and the computed constant hk is set as the adaptation filter 9. 

[0012] 12 is the frequency analysis section, performs FFT (fast Fourier transform) processing to 
a series of remainder signals e (n), and asks for the frequency component. 13 is the pulse wave 
extract section and extracts the component which has the greatest level out of these frequency 
components as a pulse wave component. 14 is pulse rate operation part and calculates the pulse 
rate around for 1 minute based on the frequency value concerning a pulse wave component. 15 
is a display and displays the calculated pulse rate. Thus, in order to cover an adaptation filter for 
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every (this operation gestalt 128 points) sampling data and to ask for a pulse rate, it becomes 
possible to obtain a right pulse rate continuously in everyday life. 

[0013] In the above-mentioned configuration, although remainder signal e (n) is "p(n)+m(n)-M 
(n)", among these since the correlation with pulsation component p (n) and body motion 
component m (n) is small, in the decision of the constant hk in the multiplier operation part 10, 
its effect of pulsation component p (n) is small. Therefore, in forecast M (n), most will be 
determined based on body motion component m (n), and forecast M (n) becomes a value near 
body motion component m (n). Thereby, remainder signal e (n) is approximated to pulsation 
component p (n), and it becomes possible to obtain an exact pulse rate through the frequency 
analysis section 12, the pulse wave extract section 13, and the pulse rate operation part 14. 
[0014] Here, the example which extracted the pulsation component out of the pulse wave signal 
in the conventional technique and this operation gestalt is explained with reference to drawing 2 
- drawing 6 . Drawing 2 is the wave of a pulse wave signal and FFT analysis result which were 
detected by the pulse wave sensor 1, and a pulsation component is buried into a body motion 
component, and is in a condition with difficult detection. Moreover, drawing 3 is the wave of a 
body motion signal and FFT analysis result which were detected by the body motion sensor 5. 
Drawing 4 is the wave of mere both difference, and an FFT analysis result, its level of a body 
motion component is higher than a pulsation component, and measurement of an exact pulse 
rate is in a difficult situation. 

[0015] Next, drawing 5 is a wave at the time of removing a body motion component in quest of 
an autocorrelation to a pulse wave signal, and an FFT analysis result. Although the pulsation 
component is a little conspicuous as compared with drawing 4 , since the body motion 
component of level still higher than a pulsation component exists, drawing 5 may malfunction. 
[0016] Next, drawing 6 is the wave of the remainder signal e and FFT analysis result which were 
obtained according to this operation gestalt. Since, as for the spectrum of a pulsation 
component, level is high rather than the spectrum of a body motion component according to this 
drawing, if it only asks for the maximum spectrum in the FFT analysis result of the remainder 
signal e, a pulse rate can be obtained immediately. 

[0017] As mentioned above, according to the pulsometer of this operation gestalt, since forecast 
M (n) can be made to approximate to body motion component m (n) regardless of the class of 
movement, pulsation component p (n) can be extracted with high precision, and an exact pulse 
rate can be measured. 

[0018] 2. Explain the detail configuration of each part in the configuration 2.1. pulse wave sensor 

1 and the amplifier 2, next this operation gestalt of a sensor part. First, the circuit diagram of the 
pulse wave sensor 1 and amplifier 2 is shown in drawing 7 . The pulse wave sensor 1 is 
constituted by LED31, resistance 351, a filter 32, and the photodiode 33 in drawing, and amplifier 

2 is constituted by an op amplifier 34 and resistance 352. 

[0019] If power-source +V is supplied to LED31, the current which becomes settled with the 
value of resistance 351 will flow to LED31, and light will be irradiated. This exposure light is 
irradiated by the light of a wrist through a filter 32, it is absorbed by the oxyhemoglobin Hb02 in 
a blood style, and the light which escaped absorption is reflected in a living body's organization. 
Incidence of the reflected light is again carried out to a photodiode 33 through a filter 32. 
[0020] Here, the luminescence property of LED31 for pulse wave measurement is shown in 
drawing 1 1 . In the example of illustration, LED31' has the with a half-value width [ of 40nm ] 
luminescence property by making 525nm into peak wavelength. By the way, in a wavelength field 
600nm or more, extinction of the exposure light by the oxyhemoglobin Hb02 is hardly performed, 
but the absorbancy index of an oxyhemoglobin Hb02 increases in a less than 600nm wavelength 
field. Moreover, since an oxyhemoglobin Hb02 moves according to pulsation of a blood style, 
fluctuation of the extinction property by the oxyhemoglobin Hb02 corresponds to a pulse wave. 
[0021] The cathode of a photodiode 33 is connected to power-source +V, and the anode is 
connected to the negative input terminal of an op amplifier 34. Moreover, since the plus input 
terminal of an op amplifier 34 is grounded, the imaginary short circuit of the anode of a 
photodiode 33 is carried out to a gland. Therefore, if the reverse bias of the photodiode 33 is 
carried out and light carries out incidence there, the current according to the quantity of light 
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will flow. An op amplifier 34 and resistance 352 are amplified while transforming the current from 
a photodiode 33 into an electrical potential difference. Therefore, the output signal of an op 
amplifier 34 is changed according to the quantity of light of incident light. In addition, the spectral 
sensitivity characteristic of a photodiode 33 is shown in drawing 12 . 

[0022] 2.2. The circuit diagram of the body motion sensor 5 and amplifier 6 next the body motion 
sensor 5, and amplifier 6 is shown in drawing 8 . The configuration of drawing 8 is the same as 
that of the thing of drawing 7 , the body motion sensor 5 is constituted by LED37, resistance 
351, a filter 38, and the photodiode 39, and amplifier 6 is constituted by an op amplifier 34 and 
resistance 352. 

[0023] However, LED37 in the body motion sensor 5 has peak wavelength in 660nm, as shown in 
drawing 13 , and the luminescence property that the half-value width is set to 40nm is shown. 
Thus, since there is almost no extinction of the exposure light by the oxyhemoglobin Hb02 when 
the wavelength field used for measurement is set as 600nm or more, the spectral intensity of the 
spectrum Sm concerning a pulse wave component decreases sharply. 

[0024] If a body motion arises and an organization vibrates, since the rate of the exposure 
absorption of light will be changed on the other hand, the incident light to a photodiode 39 will be 
accompanied by the fluctuation according to a body motion. Thereby, the output signal of the 
level according to a body motion is outputted from a photodiode 39. In addition, the detail 
configuration of the pulse wave sensor 1 and the body motion sensor 5 is indicated by Japanese 
Patent Application No. No. 308913 [ nine to ] by these people etc. 

[0025] 3. The appearance block diagram 14 is drawing showing the appearance configuration of 
the pulsometer concerning this operation gestalt. In drawing, the profile configuration is carried 
out by the pulsometer of this example from the body 1 10 of equipment which has wrist watch 
structure, the cable 120 pulled out from this body of equipment, the body motion sensor unit 130 
prepared in the tip side of this cable 120, and the band 140 for sensor immobilization for 
equipping a finger, a wrist, etc. with this body motion sensor unit 130. This body motion sensor 
unit 130 is constituted by the photosensor of a reflective mold. 

[0026] The body 1 10 of equipment consists of wristbands 212 for equipping an arm with the 
clock housing 21 1 with which total tide ability was built in, and this clock housing 211. The liquid 
crystal display 113 which displays the body motion information (biological information) based on 
the detection result in the body motion sensor unit 130 etc. in addition to current time or a date 
is constituted at the front-face side of clock housing 211. Moreover, the data-processing circuit 
50 to which the detection result slack body motion signal Vt by the body motion sensor unit 130 
is supplied is built in the interior of clock housing 211. The data-processing circuit 50 is 
computing the pitch P by performing FFT processing to the body motion signal Vt, and analyzing 
the processing result. In addition, the button switch 111,112 for performing time-of-day doubling, 
a change-over of a display mode, etc. is formed in the lateral surface of clock housing 21 1. 
[0027] The power source of the pulsometer is a cell built in clock housing 211, and a cable 120 
can input the detection result of the body motion sensor unit 130 into the data-processing 
circuit 50 within clock housing 21 1 while supplying power to the body motion sensor unit 130 
from a cell. The piece of Velcro is stretched by the band 140 for sensor immobilization of this 
example, and as shown in drawing 15 , the band 140 for sensor immobilization can be attached in 
it, where the body motion sensor unit 130 is stuck to the origin of a finger. 

[0028] The disc-like body motion sensor unit 130 is being fixed to the inside of the band 140 for 
sensor immobilization, and as typically shown in it at drawing 6 , LED 31 and 37 and photodiodes 
33 and 39 are turned to the finger. If LED31 turns light to a finger and irradiates it, exposure light 
will be absorbed by the oxyhemoglobin Hb02, the exposure light which escaped absorption will be 
reflected by the organization, and the reflected light will be received by the photodiode 33. 
[0029] Moreover, if LED37 turns light to a finger and irradiates it, exposure light will be absorbed 
by the organization, the exposure light which escaped absorption will be reflected by the 
organization, and the reflected light will be received by the photodiode 39. The thing which the 
material of the band 140 for sensor immobilization does not make penetrate light is chosen. 
Therefore, even if it is the case where the pulsometer is used outdoors, the natural light does 
not carry out direct incidence to photodiodes 33 and 39. 
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[0030] 4. Modification this invention is not limited to the operation gestalt mentioned above, and 
various deformation is possible for it as follows. 

(1) Although the successive-minima square method was adopted, it can replace with this and, as 
for the multiplier operation part 10 in the above-mentioned operation gestalt, a study method of 
identification etc. can use the adaptation algorithm of arbitration. 

[0031] (2) Moreover, in the above-mentioned operation gestalt, although the pulse rate was 
obtained based on the pulsation component of a pulse wave signal, you may constitute so that 
frequency analysis with a detailed pulsation component may be performed, for example and a 
test subject's health condition may be diagnosed. 

[0032] (3) Further, although the above-mentioned operation gestalt explained the case where a 
body motion component was removed from a pulse wave signal, this invention is not limited to 
this application and can be applied to all the applications that extract the request component p 
based on the signal x containing the request component p and the unnecessary component m, 
and the signal q correlated with this unnecessary component m. 

[0033] For example, if an electrocardiogram is measured during movement of a test subject, the 
myo electric signal other than original electrocardio is overlapped on an electrocardiogram, but if 
this original electrocardio is used as the request component p, a myo electric signal is used as 
the unnecessary component m and a body motion signal is made into Signal q, the same 
configuration as the above-mentioned operation gestalt can extract original electrocardio. 
[0034] (4) Moreover, in the above-mentioned operation gestalt, although the photoelectrical type 
sensor was used as a body motion sensor 5, various things can be considered as a method of a 
body motion sensor. For example, as shown in drawing 9 , PZT500 with a die length [ of about 
8mm ] and a diameter of about 3mm can be mounted on a substrate, and acceleration, i.e., a 
body motion, can be detected based on distortion impressed to this PZT500. The example of a 
configuration of the amplifier 6 in this case is shown in drawing 10 . 

[0035] (5) Similarly, although the photoelectrical type sensor was used as a pulse wave sensor 1 
in the above-mentioned operation gestalt, it may replace with this and well-known various pulse 
wave sensors, such as a pressure pulse wave sensor, may be used. 

[0036] (6) Moreover, in the above-mentioned operation gestalt, although it asked for the pulse 
rate by the frequency analysis section 12, the pulse wave extract section 13, and the pulse rate 
operation part 14, the conversion circuit which replaces with these and changes remainder signal 
e (n) into a square wave may be prepared, and you may ask for a pulse rate with the period of 
this square wave. 

[0037] (7) Moreover, in the above-mentioned operation gestalt, although the pulse wave and the 
body motion were measured in the body motion sensor unit 130 attached in the finger, a pulse 
wave and a body motion can be measured in the part of a test subject's arbitration. The example 
which formed these sensors in the rear face of clock housing 21 1 as the example is shown in 
drawing 16 . As shown in drawing, the pulse wave sensor unit 300 corresponding to the body 
motion sensor unit 130 mentioned above is formed in the rear-face side of clock housing 21 1 
united with the body. The wristband 212 for equipping an arm with this is constituted by clock 
housing 21 1, and if a wrist is twisted and equipped with a wristband 212, the rear-face side of 
clock housing 211 will stick to the shell of a wrist. 

[0038] The clear glass 137 fixed with the back lid 54 is formed in the rear-face side of clock 
housing 21 1. Clear glass 137 penetrates the exposure light of LED 31 and 37, and the reflected 
light obtained through a living body while protecting the pulse wave sensor unit 300. 
[0039] The liquid crystal display 113 which also displays biological information, such as the pulse 
rate HR based on the detection result of the pulse wave sensor unit 300, in addition to current 
time or a date is constituted at the front-face side of clock housing 21 1. Moreover, inside clock 
housing 211, various IC circuits, such as CPU, are established in the Maine substrate 51 bottom, 
and the data-processing circuit 50 is constituted by this. 

[0040] Moreover, the cell 52 is formed in the rear-face side of the Maine substrate 51, and a 
power source is supplied to a liquid crystal display 113, the Maine substrate 51, and the pulse 
wave sensor unit 300 from a cell 52. The Maine substrate 51 and the pulse wave sensor unit 300 
are connected by heat sealing 53, with wiring formed in heat sealing 53, a power source is 
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supplied to the pulse wave sensor unit 300 from the Maine substrate 51, and the pulse wave 
signal Vm is supplied to the Maine substrate 51 from the pulse wave sensor unit 300. 
[0041] The data-processing circuit 50 is computing the pulse rate HR by performing FFT 
processing to the pulse wave signal Vm, and analyzing the processing result. In addition, the 
button switch 1 1 1,1 12 (not shown) for performing time-of-day doubling, a change-over of a 
display mode, etc. is formed in the lateral surface of clock housing 21 1 like the pulsometer 
shown in drawing 14 . 

[0042] If a wrist is twisted and equipped with the wristband 12 of this biological information 
metering device, the rear-face side of clock housing 21 1 will be turned to the shell of a wrist. 
For this reason, the light from LED 31 and 37 is irradiated by the shell of a wrist through clear 
glass 37, and that reflected light is received by photodiodes 33 and 39. 
[0043] 

[Effect of the Invention] according to [ as explained above ] this invention — the difference of 
Signal x and a forecast M — since the constant of an adaptation filter is determined that the 
average of the square value of e will serve as smallness, the signal of a very easy configuration 
and the request with high reliability can be extracted. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of 1 operation gestalt of this invention. 
[Drawing 2] It is drawing showing the wave of a pulse wave signal, and an FFT analysis result 
[Drawing 3] It is drawing showing the wave of a body motion signal, and an FFT analysis result. 
[Drawing 4] It is drawing showing the wave of a pulsation component and FFT analysis result 
which were extracted with the conventional technique. 

[Drawing 5] It is drawing showing the wave of a pulsation component and FFT analysis result 
which were extracted with other conventional techniques. 

[Drawing 6] It is drawing showing the wave of a pulsation component and FFT analysis result 
which were extracted according to this operation gestalt. 

[Drawing 7] It is the circuit diagram of the pulse wave sensor 1 and amplifier 2. 
[Drawing 8] It is the circuit diagram of the body motion sensor 5 and amplifier 6. 
[Drawing 9] It is drawing showing the modification of the body motion sensor 5. 
[Drawing 10] It is the circuit diagram of the modification of amplifier 6. 
[Drawing 1 1] It is luminescence property drawing of LED31 in the pulse wave sensor 1. 
[Drawing 12] It is spectral sensitivity characteristic drawing of photodiodes 33 and 39. 
[Drawing 13] It is luminescence property drawing of LED37 in the body motion sensor 5. 
[Drawing 14] It is drawing showing the appearance configuration of the pulsometer of this 
operation gestalt. 

[Drawing 15] It is the sectional view of the important section of drawing 14 . 

[Drawing 16] It is the sectional view of the modification of the above-mentioned operation 

gestalt. 

[Drawing 17] It is the circuit diagram of the adaptation filter 9. 
[Description of Notations] 

1 Pulse Wave Sensor 

2 Amplifier 

3 A-D Converter 

4 Buffer 

5 Body Motion Sensor 

6 Amplifier 

7 A-D Converter 

8 Buffer 

9 Adaptation Filter 

10 Multiplier Operation Part 

1 1 Subtractor 

12 Frequency Analysis Section 

13 Pulse Wave Extract Section 

14 Pulse Rate Operation Part 

15 Display 
31,37 LED 
32 Filter 
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33 39 Photodiode 

34 Op Amplifier 

37 LED 

38 Filter 

50 Data-Processing Circuit 

51 Maine Substrate 

52 Cell 

53 Heat Sealing 

54 Back Lid 
101 Pulsometer 

110 Body of Equipment 
120 Cable 

130 Body Motion Sensor Unit 
137 Clear Glass 

140 Band for Sensor Immobilization 

211 Clock Housing 

212 Wristband 

300 Pulse Wave Sensor Unit 

351 Resistance 

352 Resistance 

401 -40n Delay circuit 
41 0-41 n Multiplier 
420 Adder 



[Translation done.] 
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